Introduction
The exploitation of solar energy requires the conversion, utilization and recovery of energy invariably involves a heat exchange process, which makes it imperative to improve the thermal performance of heat exchangers. Several viable engineering solutions, particularly with the use of heat transfer enhancement techniques, are available to achieve this objective. Constantinos, A. [1] classified the enhancement techniques as fluid, surface and compound enhancement techniques.
Performance of a solar air heater is adversely affected on account of low thermal capacity of air and absorber to air convective heat transfer coefficient, which needs design considerations, and to the extent possible, compensation.
For this purpose surface technique, which directly involve the heat-exchanger surface, are employed in solar air heaters that comes in contact with air. These techniques improve the thermal performance either by increasing the heat-transfer area with the use of corrugated/finned absorber surfaces or by enhancing the absorber to air convective heat transfer coefficient with the use of roughened surfaces in mobile vein.
Varun, et al. [2] carried out a review of roughness geometry in solar air heaters. They discussed different roughness geometries used in solar air heaters and explained the concept of artificial roughness, effects of various roughness parameters on the flow pattern and also briefly discussed the roughness geometries used in heat exchangers other than solar air heaters. Abdullah, A. H. et al. [3] determined thermal performance of flat plate solar collector using various arrangements of compound honeycomb. Mittal, MK. et al. [4] compared the effective efficiency of solar air heater shaving six different types of roughness elements on the absorber plate and reported that solar air heaters roughened with inclined ribs and wire mesh perform better in the upper and lower range of parameters considered respectively. Vishavjeet, H. et al. [5] review roughness element geometries used in solar air heaters for performance enhancement and 23 roughness geometries have been considered and technical information so obtained has been used to determine the best performing roughness element geometry from thermo-hydraulic point of view. Another form of roughness was experimented by Aoues, K. et al. [6] [7] [8] where are different forms. Labed, A. et al. [9] investigate in the performance of single-and double-pass solar air heaters through the use of various fin geometries.
In the drying solar application, we used the heat energy conversion by solar air flat plate collectors. Labed, A. et al. [10] investigated in the experimental studies of various designs of solar flat plate collectors in the application for the drying of green chili. Solar air flat plate collectors used of obstacles for application for the drying of grape are studied by Abene, A. et al. [11] . Ahmed-Zaid, A. et al. [12] have optimized the performance of the drying unit of the agricultural products by using of the obstacles in the collector duct. Karsli, S. [13] analysis a performance of four types of air heating flat plate solar collectors: a finned collector with an angle of 75°, a finned collector with an angle of 70°, a collector with tubes, and a base collector for drying applications. This paper presents two parts of experimental studies. The first one is an efficiency evaluation of solar air heater supplied with obstacles and those of the collector without obstacles. In the second, we exploited the better configuration in the drying of green chili.
Experimental setup and measuring
The experimental system is composed of basically the air flat plate solar collector (SAH) and its schematic view is shown in Fig. 1 .
In this work, five solar air flat plate collectors were designed and constructed for comparison of their thermal performances. The main features of the five tested solar air collectors are described below. In this study, experiments were performed on the Mohamed khider University campus under the meteorological conditions in Biskra, Algeria (34°48'N latitude; 5°44'E longitude). All the collectors were placed facing south and with a slope angle of 34.8° with respect to the horizontal line.
The system is comprised of flat plate solar collectors, an air circulation fan, air valves, a multimeter and a pyranometer, and some auxiliary and measurement devices. The fabrication materials for each of the collectors are the same. The each collector had 0.89 m wide, 1.95 m long, with a collection area of solar radiation of 1.73 m 2 . All the collectors had a 25 mm flow duct height, leading to a flow passage area of 0.02225 m 2 . The absorbing surface in all collectors was made of galvanized metal, 0.4 mm thick, painted with dull black paint. A simple glass sheet of 5 mm thickness is used as a cover with an air gap of about 25 mm thickness left between the absorber plate and the glass cover, for all collectors. For reduce heat losses, the bottom and sides of the collector are lagged by thermal insulation of 40 mm thickness by polystyrene. The whole test facility was supported by the frame, which rested on four wheels to provide the system rotational and anangular alignment facility. The collector frame had also the facility of changing the angle of inclination of the collector.
To extract the maximum amount of heat from the absorber, one of the appropriate solutions is to introduce obstacles in the air stream. The objective of using these obstacles is to increase the output temperature of the collector, therefore the efficiency with minimum load losses.
The choice of the geometrical shapes of the obstacles to be used has to satisfy some criterion as the form and the disposition of the obstacles affects the air flow during its trajectory. The obstacles ensure a good air flow over the absorber plate, create the turbulence and reduce the dead zones in the collector. To have a clear idea about the gain provided by this solution, the first SAH is built without obstacles to compare his performance with their other collectors. The four other collectors were constructed with the obstacles placed in the dynamic air vein. These obstacles have taken two different forms and two different distances between successive rows. Fig. 2 shows the forms of obstacles utilized in this study. These obstacles formed with two parts; the first part is perpendicular and the second part is inclined, they are mounted in a staggered pattern, are oriented perpendicular to the fluid flow and are soldered to the back plate.
Case of SAH with different obstacles was mentioned as the following:
Case 1: there are no obstacles under the absorber (Fig. 3, a) ; Case 2: equipped with first form of obstacles and distance between successive rows, respectively, α = 60° and d = 100 mm (Fig. 3, b) ; Case 3: have the second form of obstacles and distance between successive rows, respectively, α = 120° and d = 100 mm (Fig. 3, c) ; Case 4: have taken the second form of obstacles and distance between successive rows, respectively, α = 120° and d = 50 mm (Fig. 3, d) ;
Case 5: equipped with first form of obstacles and distance between successive rows, respectively, α = 60° and d = 50 mm (Fig. 3, e) .
Experimental analysis
The data for each test period are averaged. Know- ing the inlet and outlet fluid temperatures and the mass flow rate of air, the useful energy can be evaluated using Eq. (1). The useful energy may also be expressed in terms of the energy gained by the absorber and the energy lost from the absorber as given by Eq. (2):
The instantaneous collector efficiency relates the useful energy to the total radiation incident on the collector surface by Eqs. (3) or (4):
. (4) The collector efficiency can also be related to the inlet fluid temperature using Eq. (5):
The heat removal factor, FR, and the collector efficiency factor, F', are defined by Eqs. (6) and (7), respectively, according to Duffie, J. and Beckman, W. [14] :
Another important parameter used to explain collector performance is collector efficiency factor (F′) calculated by Duffie, J. and Beckman, W. [14] :
Since the measurements of inlet fluid temperature are more accurate than those of the plate temperature, it was decided to present the data using Eq. (5).
Results and discussions
The experiments were carried out under climatic conditions of Biskra city in Algeria. The collector slope was adjusted to 34.8°, which is considered suitable for the geographical location of Biskra (34°48'N, 5°44'E). The collector was instrumented with k-type thermocouples for measuring temperatures of flowing air at the inlet and outlet of the collector, and the ambient temperature.
The experimental results include the performance of the solar collector without obstacles and the compound collectors with two different inclinations (60° and 120°) and two different numbers of rows (19 and 37 rows) of obstacles units. They are five tested cases of the solar collector.
SAHs efficiency improvement
The collector efficiency improvements for simple pass type SAHs were calculated using Eq. (5). Various air mass flow rates between 0.018 and 0.043 kg/s are also investigated in the experiments. Experimental studies had been performed during the spring period.
Figs. 4 and 5 shows the hourly variations of different temperatures (air inlet, outlet and ambient) of five cases of solar collector and two mass flow rates are 0.018 and 0.043 kg/s, during the experiments. The hourly measured solar radiation is also shown in Figs. 4 and 5. In Fig. 4 shown, the highest daily solar radiation is obtained as 905 During the experiments, the hourly variation of temperatures of five cases of solar collector at 0.043 kg/s mass flow rate is shown in Fig. 5 . The hourly measured solar radiation is also shown in Fig. 5 . In Fig. 4 The other parameters as a difference between the air inlet and outlet temperatures exhibit parallel changes with the instantaneous radiation. They depend directly on the amount of direct solar radiation for two air flow rates. Information on the temperature rise of air with solar radiation is important when designing SAHs. The temperature varies almost with solar radiation. The variation of air inlet and outlet temperature with incident radiation for all cases of solar collectors, presented in Figs. 6 and 7, is in an agreement with this observation. These plots of temperature difference versus insolation may be helpful to estimate the fluid temperature for any time of the day with the help of available meteorological data. The highest temperature increase occurred at the period of 11:30-14:00.
The maximum difference temperature increase through the five cases (1-5) Figs. 6 and 7 shows that the intention of having the main heating of the air to occur when passing the collectors has been fulfilled. Figs. 4 and 5 also presents almost the same pattern in the temperature increase across the five cases of collectors.
In Figs. 8 and 9 , we presents the collector efficiency versus the temperature parameter (Tf,in-Tamb)/IG for the four cases (2-5) SAHs with obstacles compared with the case 1 SAH without obstacles at a mass flow rate of 0.018 and 0.043 kg/s, respectively. The maximum efficiencies for case 1, case 2, case 3, case 4 and case 5 are determined as 65%, 68.33%, 66.6%, 66.07 and 68.65% at 0 018 kg/s m.  , and 69.33%, 70.16%, 69.82%, 69.32% and 72.09% at 0.043 kg/s. From the figure, it can be seen that, the efficiency of case 5 is higher than that of case 2, than that of case 3 and case 4 and also that of case 1 (without obstacles), respectively. Fig. 9 Comparison between the thermal efficiency of the four cases (2-5) and case 1 (without obstacles)
To make a comparison of the thermal performance of the case 5, five configurations of SAHs reported in the literature were selected. Fig. 10 depicts the thermal ). Ozgen, F. et al. [18] performed the thermal efficiency of a SAH of double air having aluminium cans for two air mass flow rate of 0.03 and 0.05 kg/s. Akpinar, E. K. and Koçyigit, F. [19] designed a new single pass of flat plate solar air heater (SAH) with several obstacles. In the end, the higher effi-ciency shown in this figure corresponds to the designs proposed by this present study of single pass air flow case 5 SAHs, used a new design of obstacles, for an air mass flow rate of 0.043 kg/s.
Improvement in drying time
The drying technique has been made the object of many scientific communications and still remains a preferred research domain, particularly in countries where the traditional drying methods are still used. Since solar energy is free in comparison with other energy supplies such as electrical resistance heaters used in Konde, G. [20] . We have selected two systems with forced convection (Case 1 and Case 5) for comparison. These two systems are composed of an enclosure with one rack, a solar air flat plate collector with put obstacles (Case 1) and a fan. The drying chamber is a hard plastic drum of 8 mm thickness, 50 cm in diameter and 80 cm height, positioned meadows of the collectors and supported by a metal frame. Fig. 11 shows a typical experimental evolution of moisture content of green chili and drying rate as a function of the drying time, in the case 1 and case 5 with m = 0.0250 kg/s. Drying was started at 09:00 with an initial moisture content of 7.17 kgwater/kg (db) and continued until 16:00 (7 hours of drying time). The final moisture content of the samples obtained from case 1 is of 0.15 kg water/kg (db), while it is about 0.00 kgwater/kg (db) after 6 hours of drying with case 5. There is a relationship between drying rate and moisture content of the product during drying. As a result, the drying rate of green chili with Case 5 dryer was found to be higher than those of Case 1 in the first hours of drying (09:00-12:00), and it was lower in the last hours of drying time (09:20-16:00). This is due to the fact that the sample in Case 5 dryer loses the majority of its wet mass in the first hours of drying time and the moisture content of the sample in Case 1 dryers, what influences directly the rate transfer of moisture to the ambient air (Fig. 12) .
Conclusions
In the first, the present study tested and compared the performances of five solar air heaters. Secondly, SAHs were tested in the drying application of the green chili. The following conclusions can be derived:
The efficiency of the solar air collectors depends significantly on the solar radiation, surface geometry of the collectors and extension of the air flow line. The efficiency of the collector improves with increasing mass flow rates due to an enhanced heat-transfer to the air flow. The efficiency increases as the temperature parameter increases, meaning, at higher temperature parameter, the overall loss is lower.
The highest collector efficiency and air temperature rise were achieved by SAHs with new form of obstacle (case 5), whereas the lowest values were obtained for the SAH without obstacles (case 1), Flat plate collector. In addition, this study has allowed us to show that the use of obstacles in the air flow duct of the collector is an efficient method of adapting in air exchanger according to user needs. Test results always yield higher efficiency values for case 5 than for case 1 (without obstacles) flat plate collector. The obstacles ensure a good air flow under the absorber plates, create the turbulence, and reduce the dead zones in the collector.
The study has shown that the solar collector case 5 leads to a very significant improvement in the efficiency/temperature rise couple, and in the reduction in drying time of the product.
